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1.1  Gold-catalyzed [3+3]-annulation of 
azomethine imines with propargyl esters
The gold-catalyzed [3+3]-cycloaddition reaction of  
propargyl esters and azomethine imines has been 
developed. ND Shapiro, Y Shi, FD Toste, J. Am. 
Chem. Soc., 2009, 131 (33), 11654. The reaction 
provides a rapid entry into a wide range of  substituted 
tetrahydropyridazine derivatives from simple starting 
materials. A stepwise mechanism involving addition 
of  the 1,3-dipole to a gold-carbenoid intermediate 
is proposed.
1.2  Supported gold catalysts for the 
decomposition of VOC: Total oxidation of 
propene in low concentration as model 
reaction
Supported gold catalysts prepared by deposition 
– precipitation with urea were studied in the reaction 
of  oxidation of  propene in low concentration in 
a large excess of  oxygen, so as to mimic the 
conditions of  catalytic decomposition of  a volatile 







 in He). L Delannoy, K Fajerwerg, 
P Lakshmanan, C Potvin, C Méthivier and C Louis, 
Applied Catalysis B: Environmental, 94, (1-2), 
2010, 117. Several parameters were investigated: 
the nature of  the oxide support (alumina, titania, 
ceria), the gold loading, the conditions of  catalyst 
activation (oxygen or hydrogen). Titania and alumina 





up to 500°C, but when gold was added (1wt%), 
active catalysts were obtained with a higher activity 
for titania than for alumina. Ceria was the only 
support showing activity, and gold on ceria (1wt%) 
led to the most active catalyst. For the Au/CeO
2
 
system, activation under H
2
 at 300°C leads to more 
active catalysts than activation in O
2
/He at 500°C, 
especially for gold loadings lower than 1wt%. XPS 
and CO oxidation performed at RT showed that gold 
on CeO
2
 was fully reduced to Au0 after activation 
under H
2
 whatever the gold loading. In contrast, 
after calcination, most of  the gold remained under 
the initial AuIII state for the low loaded samples 
(b1 wt%) whereas part of  it was reduced for the 4 wt% 
Au/CeO
2
. Thus, ceria seems to be able to stabilise 
gold as AuIII up to a limited loading. Change in the 
gold oxidation state was detected for the calcined 
Au/CeO
2




 oxidation performed 
at increasing temperature, using CO oxidation 
and DRIFTS combined to CO adsorption. Indeed, 
gold, initially AuIII, starts reducing at 100°C to form 
metallic gold Au0, which was the active species for 
the reaction. Above 300°C, when 100% conversion 
was achieved, reoxidation of  metallic gold species 
was observed.
1.3  Process for selective hydrogenation on a 
gold-containing catalyst
The invention relates to a process for selective 
hydrogenation by bringing a so-called C2 fraction 
feedstock into contact with a ﬁxed catalyst bed, 
whereby said catalyst comprises a substrate and 
a metal phase that consists of  either gold or 
palladium and gold with a molar ratio of  gold to 
palladium of  greater than 5, whereby the contact is 
carried out in the presence of  a solvent that 
comprises at least one aromatic hydrocarbon, 
whereby the products that are obtained at the 
end of  the selective hydrogenation can be 
separated from the solvent by distillation. PNo: 
US2010010278 (A1) Publication date: 2010-01 14, 
Inventor(s):  C Boyer, V Coupard, L Delannoy, 
A Hugon, L Fischer, C Louis, C Thomazeau 
Applicant(s): Inst Francais Du Petrole.
1.4  Preparation of palladium-gold catalysts
A method for preparing supported palladium-gold 
catalysts is disclosed. The method comprises 
increasing the porosity of  a titanium dioxide 
support, impregnating the support with a palladium 
salt, a gold salt, and an optional alkali metal or 
ammonium compound, and reducing the calcined 
support. PNo EP2152407 (A1) Publication date: 
2010-02-17  Inventor(s):  S Augustine, Applicant(S): 
Lyondell Chemical Tech Lp. The resultant supported 
palladium-gold catalysts have increased activity in 
the acetoxylation.
1.5  Mesoporous Co3O4 and Au/Co3O4 catalysts 
for low-temperature oxidation of trace 
ethylene









 with high catalytic activities for the trace 
ethylene oxidation at 0°C are reported in this paper. 
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CY Ma, Z Mu, JJ Li, YG Jin, J Cheng, GQ Lu,  ZP Hao 
SZ Qiao, J. Am. Chem. Soc. 2010, 132, 2608. The 
catalysts were prepared by using the nanocasting 
method, and the mesostructure was replicated 
from three-dimensional (3D) cubic KIT-6 silicas. 
High resolution transmission electron microscopy 
(HRTEM) studies revealed that {110} facets were the 









 nanosheets prepared by the 
precipitation method exhibited the most exposed 










 nanosheets. The results indicated 




 played an 
essential role in determining its catalytic oxidation 





in which the gold nanoparticles were assembled into 




 mesoporous support, 
exhibited stable, highly dispersed, and exposed 





readily produced surface-active oxygen species 
and promoted ethylene oxidation to achieve a 76% 
conversion at 0°C, which is the highest conversion 
reported yet.
1.6  Gold clusters supported on alkaline 
treated TS-1 for highly efﬁcient propene 
epoxidation with O2 and H2 
Gold could be deposited as clusters smaller than 2.0 
nm in diameter on TS-1 by solid grinding (SG) of  the 
support with dimethyl Au(III) acetylacetonate after 
TS-1 was pretreated in aqueous solution of  alkaline 
metal hydroxides. J Huang, T Takei, T Akita, H Ohashi, 
M Haruta, Applied Catalysis B: Environmental, 95, 









 mixture Au nanoparticles larger than 2.0 nm 
deposited on TS-1 without alkaline treatment gave 





clusters on alkaline treated TS-1 presented a greatly 





was comparable to the best data reported so far. 
In addition, very high H
2
 efﬁciency reaching 47% 
could be obtained by gold clusters on alkaline 
treated TS-1.
2 Electrochemistry
2.1  Gold–carbon three dimensional ﬁlm 
electrode prepared from oppositely charged 
conductive nanoparticles by layer-by-layer 
approach 
Gold–carbon three dimensional ﬁlm electrode was 
prepared from oppositely charged conductive 
particles by layer-by-layer approach. A Lesniewski, 
M Paszewski, M Opalloa, Electrochemistry 
Communications, 12, (3), 2010, 435. This was done 
by alternative immersion of  indium tin oxide plate into 
suspension of  positive (gold) and negative (carbon) 
particles. The ﬁlm formation is conﬁrmed by scanning 
electron microscopy. The nanoparticulate ﬁlm is 
stable and the obtained electrode exhibits catalytic 
current of  dioxygen reduction connected with the 
presence of  gold nanoparticles. After adsorption 
of  bilirubin oxidase similar effect is observed with 
substantial decrease of  overpotential – typical for 
bioelectrocatalytic reaction. Both catalytic currents 
are proportional to the number of  immersion and 
withdrawal steps.
2.2  The effective bimetallic component of 
Pd–Au/C for electrochemical oxidation of 
borohydrides 
The coulombic efﬁciencies of  Pd–Au/C catalysts for 
the electrochemical oxidation of  borohydrides were 
measured and the impregnated states of  Pd–Au were 
characterized by XRD and XPS to ﬁnd their relevance 
to the catalytic performances of  the catalysts. 
SY Park, D-W Lee, IS Park, Y-K Hong, Y-M Park 
K-Y Lee, Current Applied Physics 10, (2), Supplement 
1, March 2010, S40. The Pd–Au/C (metal wt.% = 
20%) catalysts showed coulombic efﬁciencies of  
50–70% under the given galvanostatic conditions, 
with maintaining a current density close to 20% Pd/C 
at voltammetric test, which is thought to be related to 
the mixed state of  monometallic Au and Pd–Au alloy 
on the carbon support.
3 Electronics and sensors
3.1  Oxidized gold thin ﬁlms: An effective 
material for high-performance ﬂexible 
organic optoelectronics
Oxidized Au thin ﬁlm is shown to function as a 
direct drop-in replacement for the de facto standard 
indium tin oxide anode in high-performance ﬂexible 
organic light-emitting diodes fabricated on plastic 
substrates (see image). MG Helander, Z-B Wang, 
MT Greiner, Z-W Liu, J Qiu, Z-H Lu, Advanced 
Materials, Advanced publication online Dec 21 2009. 
DOI: 10.1002/adma.200903248. The thin ﬁlms offer 
a new materials-technology platform for enabling the 
roll-to-roll processing of  next-generation ﬂexible 
organic optoelectronics for applications such as 
solid-state lighting.
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3.2  Au-doped indium tin oxide ohmic contacts 
to p-type gan 
Indium tin oxide (ITO) thin ﬁlms doped with Au, Ni, 
or Pt (3.5 at.% to 10.5 at.%) were deposited on 
p-GaN epilayers (Mg ~4 × 1019 cm−3) using 
direct-current (DC) sputter codeposition. H Guo, 
HB Andagana, XA Cao, Journal of  Electronic 
Materials 39, (5) 2010, DOI 10.1007/s11664-010-
1133-4 was found that undoped ITO contacts to 
p-GaN exhibited leaky Schottky behavior, whereas 
the incorporation of  a small amount of  Au (3.5 at.% 
to 10.5 at.%) signiﬁcantly improved their ohmic 
characteristics. Compared with standard Ni/ITO 
contacts, the Au-doped ITO contacts had a similar 
speciﬁc contact resistance in the low 10−2 7 cm−2 
range, but were more stable above 600°C and more 
transparent at blue wavelengths. These results 
provide support for the use of  Au-doped ITO ohmic 
contact to p-type GaN in high-brightness blue light-
emitting diodes.
3.3  A brief review of selected aspects of the 
materials science of ball bonding 
Thermosonic ball bonding is a metallurgical process 
that until recently was rarely the subject of  metallurgical 
analysis. CD Breach and FW Wulff, Microelectronics 
Reliability, 50, (1), 2010, 1. However, in recent years 
greater focus has been given to the materials science 
of  thermosonic ball-wedge bonding in an attempt 
to better control and advance its application as an 
interconnect technology in advanced packaging. 
As with most materials processes, establishing a 
scientiﬁc understanding of  the process requires 
knowledge from various sub-disciplines of  physical 
science. This article brieﬂy reviews selected aspects 
of  the materials science of  ball bonding, particulary 
using gold wire, focusing on 1st and 2nd bond 
formation and intermetallic growth.
3.4  Gold-tin-indium solder for processing 
compatibility with lead-free tin-based solder
Inventor H Lichtenberger Patent No WO2010008752, 
(A2), publication date 21.1.2010 disclosed in this 
speciﬁcation is a lead-free soldering alloy made 
of  gold, tin and indium. The tin is present in a 
concentration of  17.5% to 20.5%, the indium is present 
in a concentration of  2.0% to 6.0% and the balance 
is gold and the alloy has a melting point between 
290°C and 340°C and preferably between 300°C 
and 340°C. The soldering alloy is particularly useful 
for hermetically sealing semiconductor devices since 
the melting temperature is sufﬁciently high to permit 
post-seal heating and sufﬁciently low to allow sealing 
of  the semiconductor without causing damage.
3.5 An electroless gold plating solution
An electroless gold plating solution comprising a 
water-soluble gold cyanide compound, a complexing 
agent and at least one compound selected from a 
pyridinium carboxylate compound having a phenyl 
group or an aralkyl group in the ﬁrst position; that 
can form a gold plating ﬁlm with excellent adhesion 
and that does not cause corrosion of  a base metal 
ﬁlm such as nickel, copper, cobalt, or palladium, or 
the like. PNo: EP2143820 (A1)  Publication date: 
2010-01-13 Inventor(s): K Yomogida from Rohm & 
Haas Elect Materials.
4 Medical and dental
4.1  Inhibition of tumor proteasome activity 
by gold-dithiocarbamato complexes via 
both redox-dependent and -independent 
processes
The authors have previously reported on a 
gold(III) complex, namely [AuBr2(DMDT)] (N,N-
dimethyldithiocarbamate) showing potent in vitro 
and in vivo growth inhibitory activities toward human 
cancer cells and identifying the cellular proteasome 
as one of  the major targets. X Zhang, M Frezza, V 
Milacic, L Ronconi, Y Fan, C Bi, D Fregona, Q. Ping 
Dou, Journal of  Cellular Biochemistry,  109 1, 162. 
However, the importance of  the oxidation state of  the 
gold center and the involved mechanism of  action 
has yet to be established. Here the authors show that 
both gold(III)- and gold(I)-dithiocarbamato species, 
namely [AuBr2(ESDT)] (AUL12) and [Au(ESDT)]2 
(AUL15), could inhibit the chymotrypsin-like activity 
of  puriﬁed 20S proteasome and 26S proteasome in 
human breast cancer MDA-MB-231 cells, resulting 
in accumulation of  ubiquitinated proteins and 
proteasome target proteins, and induction of  cell 
death, but at signiﬁcantly different levels. Gold(I)- and 
gold(III)-compound-mediated proteasome inhibition 
and cell death induction were completely reversed 
by the addition of  a reducing agent, dithiothreitol or 
N-acetyl-L-cysteine, suggesting the involvement of  
redox processes. Furthermore, treatment of  MDA-
MB-231 cells with gold(III) compound (AUL12), 
but not the gold(I) analog (AUL15), resulted in the 
production of  signiﬁcant levels of  reactive oxygen 
species. The study provides strong evidence that the 
cellular proteasome is an important target of  both 
gold(I) and gold(III)-dithiocarbamates, but distinct 
cellular mechanisms of  action are responsible for 
their different overall effect.
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4.2  Quantitative investigation of 
compartmentalized dynamics of ErbB2 
targeting gold nanorods in live cells by 
single molecule spectroscopy
Understanding the diffusion dynamics and receptor 
uptake mechanism of  nanoparticles in cancer cells 
is crucial to the rational design of  multifunctional 
nanoprobes for targeting and delivery. J Chen, 
J Irudayaraj, ACS Nano, 2009, 3(12), 4071. In this 
report, for the ﬁrst time, the authors quantify the 
localization and evaluate the diffusion times of  
Herceptin-conjugated gold nanorods (H-GNRs) in 
different cell organelles by ﬂuorescence correlation 
spectroscopy (FCS) and examine the endocytic 
diffusion of  H-GNRs in live ErbB2 overexpressing 
SK-BR-3 cells. First, by colocalizing H-GNRs 
in different cellular organelles depicted by the 
respective markers, the authors demonstrate that 
H-GNRs colocalize with the endosome and lysosome 
but not with the Golgi apparatus. The study shows 
that Herceptin-conjugated GNRs have similar 
intracellular localization characteristics as 
Herceptin−ErbB2 complex, with a higher 
concentration found in the endosome (72 ± 20.6 nM) 
than lysosome (9.4 ± 4.2 nM) after internalization. 
The demonstrated approach and ﬁndings not only 
lay the foundations for a quantitative understanding 
of  the fate of  nanoparticle-based targeting but 
also provide new insights into the rational design 
of  nanoparticle delivery systems for effective 
treatment.
4.3  Branched nanotrees with immobilized 
acetylcholine esterase for nanobiosensor 
applications
A novel lab-on-a-chip nanotree enzyme reactor is 
demonstrated for the detection of  acetylcholine. 
K Risveden, KA Dick, S Bhand, P Rydberg, 
L Samuelson and B Danielsson Nanotechnology 
2010, 21, 055102. The reactors are intended for 
use in the RISFET (regional ion sensitive ﬁeld effect 
transistor) nanosensor, and are constructed from 
gold-tipped branched nanorod structures grown 
on SiN
x
-covered wafers. Two different reactors are 
shown: one with simple, one-dimensional nanorods 
and one with branched nanorod structures 
(nanotrees). Signiﬁcantly higher enzymatic activity is 
found for the nanotree reactors than for the nanorod 
reactors, most likely due to the increased gold 
surface area and thereby higher enzyme binding 
capacity. A theoretical calculation is included to show 
how the enzyme kinetics and hence the sensitivity 
can be inﬂuenced and increased by the control 
of  electrical ﬁelds in relation to the active sites of  
enzymes in an electronic biosensor. The possible 
effects of  electrical ﬁelds employed in the RISFET on 
the function of  acetylcholine esterase is investigated 
using quantum chemical methods, which show that 
the small electric ﬁeld strengths used are unlikely to 
affect enzyme kinetics. Acetylcholine esterase activity 
is determined using choline oxidase and peroxidase 
by measuring the amount of  choline formed using 
the chemiluminescent luminol reaction.
4.4  Anticancer therapeutics that 
target selenoenzymes: Synthesis, 
characterization, in vitro cytotoxicity, and 
thioredoxin reductase inhibition of a series 
of gold(I) complexes containing hydrophilic 
phosphine ligands
Gold(I) complexes bearing water-soluble phosphine 
ligands, including 1,3,5-triaza-7-phosphaadamantane 
(PTA), 3,7-diacetyl-1,3,7-triaza-5-phosphabicyclo[3.3
.1]nonane (DAPTA), and sodium triphenylphosphine 
trisulfonate (TPPTS), in combination with thionate 
ligands, were screened for their antiproliferative 
activities against human ovarian cancer cell lines 
A2780 either sensitive or resistant to cisplatin. E 
Vergara, A Casini, F Sorrentino, O Zava, E Cerrada, 
M Pia Rigobello, A Bindoli, M Laguna and PJ Dyson, 
Chem Med Chem, 5 (1), 96. In addition, the compounds 
were screened for their inhibition of  mammalian 
thioredoxin reductases (TrxR), enzymes that are 
overexpressed in many tumor cells and contribute to 
drug resistance. The gold(I)-phosphine complexes 
efﬁciently inhibited cytosolic and mitochondrial 
TrxRs at concentrations that did not affect the 
related oxidoreductase glutathione reductase (GR). 
Additional complementary information on the enzyme 
metallation process and potential gold binding sites 
was obtained through the application of  a speciﬁc 
biochemical assay using a thiol-tagging reagent, 
BIAM (biotin-conjugated iodoacetamide).
4.5  An organic nanoparticle transistor behaving 
as a biological spiking synapse
Molecule-based devices are envisioned to 
complement silicon devices by providing new 
functions or by implementing existing functions at 
a simpler process level and lower cost, by virtue 
of  their self-organization capabilities. F Alibart, 
S Pleutin, D Guérin, C Novembre, S Lenfant, 
K Lmimouni, C Gamrat, D Vuillaume, Advanced 
Functional Materials, 2010,  20, (2), 330. Moreover, 
they are not bound to von Neuman architecture and 
this feature may open the way to other architectural 
paradigms. Neuromorphic electronics is one of  
them. Here, a device made of  molecules and 
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nanoparticles - a nanoparticle organic memory 
ﬁeld-effect transistor (NOMFET) - that exhibits the 
main behavior of  a biological spiking synapse 
is demonstrated. Facilitating and depressing 
synaptic behaviors can be reproduced by the 
NOMFET and can be programmed. The synaptic 
plasticity for real-time computing is evidenced 
and described by a simple model. These results 
open the way to rate-coding utilization of  the 
NOMFET in dynamical neuromorphic computing 
circuits.
4.6  Optical imaging of non-ﬂuorescent 
nanoparticle probes in live cells
Precise imaging of  cellular and subcellular structures 
and dynamic processes in live cells is crucial for 
fundamental research in life sciences and in medical 
applications. G Wang, AS Stender, W Sun and 
N Fang, Analyst, 2010, 135, 215. Non-ﬂuorescent 
nanoparticles are an important type of  optical probe 
used in live-cell imaging due to their photostability, 
large optical cross-sections, and low toxicity. Here, 
we provide an overview of  recent developments in 
the optical imaging of  non-ﬂuorescent nanoparticle 
probes in live cells.
4.7  Highly sensitive protein detection using 
enzyme-labeled gold nanoparticle probes
A highly sensitive protein detection method based 
on a novel enzyme-labeled gold nanoparticle (AuNP) 
probe has been developed. In this method, we ﬁrstly 
prepared the enzyme-labeled AuNP probe by coating 
AuNP with antibody, single-stranded DNA (ssDNA), 
and horseradish peroxidase (HRP). Meiying Liu, 
Chunping Jia, Yunyan Huang, Xinhui Lou, Shihua 
Yao, Qinghui Jin, Jianlong Zhao and Jiaqing Xiang, 
Analyst, 2010, 135, 327. Magnetic microparticle 
(MMP) functionalized with another antibody was 
used as capture probe. Then, target protein was 
sandwiched by the enzyme-labeled AuNP probe 
and the capture probe through immunoreaction. The 
target immunoreaction event could be sensitively 
transduced via the enzymatically ampliﬁed optical 
signal. By using this strategy, carcinoembryonic 
antigen (CEA), as a model protein, was detected 
with high sensitivity and good speciﬁcity. The 
detection limit for this approach was 12 ng L-1, which 
was approximately 130-fold more sensitive than the 
conventional enzyme-linked immunosorbent assay 
(ELISA). The practical application of  the proposed 
immunoassay was carried out for determination 
of  CEA in serum samples. The demonstrated 
capability of  the proposed method shows potentially 
applications for early diagnoses of  diseases.
4.8  Study of the age-hardening in an Au-Cu-Ag 
dental alloy with Pt and Pd additions with 
dilatometry, hardness measurements and 
microstructural analysis 
The age-hardening behaviour in a commercial 
gold dental alloy based on the Au-Cu-Ag system 
with platinum and palladium addition has been 
investigated with light optical microscope, scanning 
electron microscope, EDXS, image analysis, 
hardness measurements and dilatometric tests. 
B Rivolta, MR Pinasco, International Journal of  
Microstructure and Materials Properties, 4, (4), 
2010, 487. The dilatometer, although seldom used in 
studying the hardening of  precious alloys has proved 
useful to give good information on the heat treatment 
parameters. The most important hardening of  the 
homogenised alloy takes place after isothermal 
treatments at temperatures between 150°C and 
350°C. The metallographic analysis has shown that 
the microstructure is modiﬁed with the presence of  
discontinuous precipitation on the grain boundaries 
only after treatments at temperatures starting 
from 260°C.
4.9  The effect of cholesterol on protein-coated 
gold nanoparticle binding to liquid crystal-
supported models of cell membranes
Biomaterials, 31, (11), 2010, 3008, Deny Hartono, 
Hody, Kun-Lin Yang and Lin-Yue Lanry Yung, 
report an easily visualized liquid crystal (LC)-based 
system to study the biophysical interactions 
between protein-coated gold nanoparticles (AuNPs) 
and LC-supported cell membrane model. The 
model consists of  mixed phospholipid/cholesterol 
monolayer self-assembled at aqueous–LC interface. 
Protein-coated AuNPs were found to disrupt the 
mixed phospholipid/cholesterol monolayer. As 
a result, orientational transitions of  LCs were 
triggered and optical responses of  LCs from dark 
to bright were observed. The mixed monolayers with 
higher cholesterol contents were found to be more 
susceptible to the disruption by protein-coated 
AuNPs, and hydrophobic interaction played a major 
role in the monolayer disruption. We also found 
that the time for non-speciﬁc binding of  ﬁbrinogen-
coated AuNPs to the mixed phospholipid/cholesterol 
monolayer was similar to that of  speciﬁc binding of  
neutravidin-coated AuNPs to the mixed phospholipid/
biotin-capped phospholipid monolayer. Results 
obtained from this study may offer new understanding 
in the potential nanotoxicity pathway, where the 
biophysical interaction between nanomaterials and 
cell membrane is an important step.
Gold Bulletin 
Volume 43  No 2  2010
138
References and further reading may be available for 
this article. To view references and further reading 
you must purchase this article.
4.10  Stable anticancer gold(III)-porphyrin 
complexes: Effects of porphyrin structure
In the design of  physiologically stable anticancer 
gold(III) complexes, R Wai-Yin Sun, C Ka-Lei Li, 
D-L Ma, J Jing Yan, C-N Lok, C-H Leung, N Zhu, 
C-M Che, Chemistry - A European Journal, 16, 10, 
3097 have employed strongly chelating porphyrinato 
ligands to stabilize a gold(III) ion [Chem. Commun. 
2003, 1718; Coord. Chem. Rev. 2009, 253, 1682]. 
In this work, a family of  gold(III) tetraarylporphyrins 
with porphyrinato ligands containing different 
peripheral substituents on the meso-aryl rings were 
prepared, and these complexes were used to study 
the structure-bioactivity relationship. The cytotoxic 
IC
50
 values of  [Au(Por)]+ (Por=porphyrinato ligand), 
which range from 0.033 to >100 μM, correlate 
with their lipophilicity and cellular uptake. Some of  
them induce apoptosis and display preferential 
cytotoxicity toward cancer cells than to normal 
noncancerous cells. 





exhibits signiﬁcant cytostatic activity to cancer cells 
(IC
50
=1.2-9.0 MM) without causing cell death and is 
much less toxic to lung ﬁbroblast cells (IC
50
>100 MM). 
The gold(III)-porphyrin complexes induce S-phase 
cell-cycle arrest of  cancer cells as indicated by ﬂow 
cytometric analysis, suggesting that the anticancer 
activity may be, in part, due to termination of  DNA 
replication. The gold(III)-porphyrin complexes can 
bind to DNA in vitro with binding constants in the 
range of  4.9×105 to 4.1×106 dm3 mol-1 as determined 






methylpyridinium-4-yl)porphyrin) interact with DNA 
in a manner similar to the DNA intercalator ethidium 
bromide as revealed by gel mobility shift assays and 
viscosity measurements. 
Both of  them also inhibited the topoisomerase I 
induced relaxation of  supercoiled DNA. Complex 
4a, a gold(III) derivative of  the known G-quadruplex-
interactive porphyrin [H
2
TMPyP]4+, can similarly 
inhibit the ampliﬁcation of  a DNA substrate containing 
G-quadruplex structures in a polymerase chain 
reaction stop assay. In contrast to these reported 
complexes, complex 2a and the parental gold(III)-
porphyrin 1a do not display a signiﬁcant inhibitory 
effect (<10 %) on telomerase. Based on the results 
of  protein expression analysis and computational 
docking experiments, the anti-apoptotic bcl-2 protein 
is a potential target for those gold(III)-porphyrin 
complexes with apoptosis-inducing properties. 
Complex 2a also displays prominent anti-angiogenic 
properties in vitro. Taken together, the enhanced 
stabilization of  the gold(III) ion and the ease of  
structural modiﬁcation render porphyrins an attractive 
ligand system in the development of  physiologically 
stable gold(III) complexes with anticancer and anti-
angiogenic activities.
4.11  Picomolar selective detection of mercuric 
ion (Hg2 +) using a functionalized single 
plasmonic gold nanoparticle
A highly sensitive method for the selective detection 
and quantiﬁcation of  mercuric ions (Hg2+ ) using single 
plasmonic gold nanoparticle (GNP)-based dark-
ﬁeld microspectroscopy (DFMS) is demonstrated. 
HD Song,  I Choi, YI Yang, S Hong, S Lee, T Kang, 
J Yi, 2010 Nanotechnology 21 145501. The method 
is based on the scattering property of  a single GNP 
that is functionalized with thiolated molecules, which 
is altered when analytes bind to the functionalized 
GNP. The spectral resolution of  the system is 0.26 
nm and a linear response to Hg2+ was found in 
the dynamic range of  100 pM–10 μM. The method 
permits Hg2+ to be detected at the picomolar level, 
which is a remarkable reduction in the detection limit, 
considering the currently proscribed Environmental 
Protection Agency regulation level (10 nM, or 2 ppb) 
and the detection limits of  other optical methods 
for detecting Hg2+ (recently approx. 1–10 nM). In 
addition, Hg2+ can be sensitively detected in the 
presence of  Cd2+, Pb2+, Cu2+, Zn2+ and Ni2+, which do 
not interfere with the analysis. Based on the ﬁndings 
reported herein, it is likely that single-nanoparticle-
based metal ion sensing can be extended to the 
development of  other chemo- and biosensors for the 
direct detection of  speciﬁc targets in an intracellular 
environment as well as in environmental monitoring.
4.12  Electrochemiluminescence biobarcode 
method based on cysteamine−gold 
nanoparticle conjugates
The recently developed DNA−gold nanoparticle 
(DNA−GNP) biobarcode assay provides 
polymerase chain reaction (PCR)-like sensitivity for 
nucleic acid and protein targets without a need for 
enzymatic ampliﬁcation. R Duan, X Zhou, D Xing, 
Anal. Chem.,  DOI: 10.1021/ac100018z. However, 
application of  the conventional assay is challenged 
by its complex, expensive, time-consuming, and 
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labor-intense procedure. Herein, we present a 
new electrochemiluminescence (ECL) biobarcode 
method based on cysteamine−GNP conjugates. In 
this strategy, an ECL nanoprobe is fabricated that 
relies on GNP that is modiﬁed with tris-(2,2a-bipyridyl) 
ruthenium (TBR) labeled cysteamine to boost ECL 
signals and single strand DNA for target recognition. 
Speciﬁcally, a sandwich complex that consists 
of  a biotin labeled capture probe, target DNA, 
and cysteamine−GNP conjugate is captured by 
magnetic microparticles (MMPs) and subsequently 
identiﬁed by the ECL signals from loaded TBR. With 
the use of  the developed probe, a limit of  detection 
as low as 100 fM can be achieved and the assay 
exhibits excellent selectivity for single-mismatched 
DNA detection even in human serum. The proposed 
ECL based method should have wide applications 
in diagnosis of  genetic diseases due to its high 
sensitivity, simplicity, and low cost.
4.13  Ordered nanopore boring in silicon: Metal-
assisted etching using a self-aligned block 
copolymer Au nanoparticle template and 
gravity accelerated etching 
Metal-assisted etching into Si (1 0 0) surfaces 
can be performed in a highly deﬁned and regular 
arrangement using self-organized patterns of  single-
size gold catalyst particles that are block polymer 
templated on Si surfaces. S Bauer, JG. Brunner, 
H Jha, Y Yasukawa, H Asoh, S Ono, H Böhm, JP Spatz 
P Schmuki, Electrochemistry Communications, 12, 
(4), 2010, 565 show that small size catalyst particles 
(diameter z10 nm) can be forced to maintain straight 
etch tracks perpendicular to the surface using 
adequate centrifugal gravity force. This allows the 
creation of  highly ordered uniform and synchronized 
pore boring into the substrate with single pore 
diameters in the 10 nm range.
4.14  Structural and electrochemical properties 
of gold-deposited carbon nanotube 
composites 
Gold-decorated multi-walled carbon nanotubes 
were prepared by electrostatic interaction in solution 
states and they have been studied in detail with UV/
Vis spectroscopy, transmission electron microscopy 
(TEM), X-ray photoelectron spectroscopy (XPS), and 
cyclic voltammetry (CV). J Kim, M Mahbub Rabbani, 
D Kim, M Ree, JH Yeum, CH Ko, Y Kim, J-S Bae, 
W Oh, Current Applied Physics, 10, (2), Supplement 
1, March 2010, S201.  Gold nanoparticles and their 
composites showed the similar surface plasmon 
absorptions. XPS results were in good agreement 
with the composite morphologies of  TEM images. 
HOMO/LUMO energies and the energy band gaps 
of  MWNTs in their composites were analyzed by 
CV measurements.
4.15  Gold compounds as anticancer agents: 
Chemistry, cellular pharmacology, and 
preclinical studies
Gold compounds are a class of  metallodrugs with 
great potential for cancer treatment. S Nobili, E Mini, 
I Landini, C Gabbiani, A Casini, L Messori, Medical 
Research reviews, 30 (3), 550. During the last two 
decades, a large variety of  gold(I) and gold(III) 
compounds are reported to possess relevant 
antiproliferative properties in vitro against selected 
human tumor cell lines, qualifying themselves as 
excellent candidates for further pharmacological 
evaluation. The unique chemical properties 
of  the gold center confer very interesting and 
innovative pharmacological proﬁles to gold-based 
metallodrugs. The primary goal of  this review is 
to deﬁne the state of  the art of  preclinical studies 
on anticancer gold compounds, carried out either 
in vitro or in vivo. The available investigations of  
anticancer gold compounds are analyzed in detail, 
and particular attention is devoted to underlying 
molecular mechanisms. Notably, a few biophysical 
studies reveal that the interactions of  cytotoxic gold 
compounds with DNA are generally far weaker than 
those of  platinum drugs, implying the occurrence 
of  a substantially different mode of  action. A variety 
of  alternative mechanisms were thus proposed, of  
which those involving either direct mitochondrial 
damage or proteasome inhibition or modulation of  
speciﬁc kinases are now highly credited. The overall 
perspectives on the development of  gold compounds 
as effective anticancer drugs with an innovative 
mechanism of  action are critically discussed on the 
basis of  the available experimental evidence.
4.16  Gold nanoparticles for biology and 
medicine
Gold colloids have fascinated scientists for over a 
century and are now heavily utilized in chemistry, 
biology, engineering, and medicine. DA Giljohann, 
DS Seferos, WL Daniel, MD Massich, PC Patel, 
CA Mirkin Angewandte Chemie International Edition, 
49, (1)9, 2010, 3280. Today these materials can be 
synthesized reproducibly, modiﬁed with seemingly 
limitless chemical functional groups, and, in certain 
cases, characterized with atomic-level precision. 
This Review highlights recent advances in the 
synthesis, bioconjugation, and cellular uses of  gold 
nanoconjugates. There are now many examples of  
highly sensitive and selective assays based upon 
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gold nanoconjugates. In recent years, focus has 
turned to therapeutic possibilities for such materials. 
Structures which behave as gene-regulating agents, 
drug carriers, imaging agents, and photoresponsive 
therapeutics have been developed and studied 
in the context of  cells and many debilitating 
diseases. These structures are not simply chosen as 
alternatives to molecule-based systems, but rather 
for their new physical and chemical properties, 
which confer substantive advantages in cellular and 
medical applications.
4.17  Gold nanocages as photothermal 
transducers for cancer treatment
Gold nanocages represent a new class of  
nanomaterials with compact size and tunable optical 
properties in the near-infrared region. J Chen, 
C Glaus, R Laforest, Q Zhang, M Yang, M Gidding, 
MJ Welch, Y Xia, Small, 6, (7), 2010, 811. They 
passively accumulate in the tumor after intravenous 
injection. By exposing tumors to a near-infrared diode 
laser, the photothermal effect of  the Au nanocages 
selectively destroys tumor tissue with minimum 
damage to the surrounding healthy tissue.
5 Metallurgy, materials and coatings
5.1  Comparison of different methods used to 
establish recrystallisation conditions of 
gold alloys
Recrystallisation affects both the structure and 
the mechanical properties of  metals. D Maggian, 
International Journal of  Microstructure and Materials 
Properties, 4,(3), 2010, 276. The knowledge of  
recrystallisation conditions for gold alloys is very 
important for optimising the production process. 
Recrystallisation conditions (temperature and time) 
depend on the type of  alloy and the degree of  
deformation. The following methods for determination 
of  recrystallisation characteristics will be compared: 
hardness measurements, metallographic 
investigation and differential thermal analysis. 
Samples are heat treated in cycles with temperature 
and time as variable. We will take into account 14 ct 
yellow alloy. They are tested with different procedures 
to allow the comparison of  methods for determination 
of  recrystallisation characteristics.
5.2  Fabrication of Au thin ﬁlm gratings by 
pulsed laser interference
The authors report that one-dimensional (1D) and 
two-dimensional (2D) metal thin ﬁlm gratings can 
be directly fabricated by interfering Nd–YAG pulsed 
laser beams (wavelength=1064nm, pulse width=6ns) 
incident from the backside of  glass substrate. This 
process utilizes a laser-induced thermo-elastic 
force which plays a role to detach the ﬁlm from the 
substrate. Hyunkwon Shin, Hyeonggeun Yoo and 
Myeongkyu Lee, Applied Surface Science, 256, (9), 
2010, 2944. Micro-scale Au transmission gratings 
with a minimum feature size of  1μm could be 
generated by interference-driven periodic 
detachment. The fabrication of  tube-structured 
patterns as well as stripes was also possible by 
adjusting the pulse power and this is explained with 
the effect of  ﬁlm cohesion.
5.3  Substrate having a layer of gold (III) and 
procedure for preparation thereof
Substrate the melting point whereof  is between 1300°C 
and 1600°C having a layer of  micromonocrystals of  
gold (III), said micromonocrystals having terraces 
of  an area between 1.5 and 10.0 [mu]m2 and a 
roughness of  less than 1 AA. This substrate is 
manufactured by a preparation procedure comprising 
stages of  deposition of  a sputtered gold layer 
and thermal treatment of  the gold deposited. The 
substrates are useful as supports for microscopy, as 
biosensors and as electrodes PN: WO2010004064 
(A1), Publication date: 2010-01-14 Inventor(S): 
F Sanz Carrasco, A Garcia Gueell + Applicant(S): 
Univ Barcelona.
6 Nanotechnology
6.1  Periodic electric ﬁeld enhancement along 
gold rods with nanogaps
A periodic dependence on the Au segment length 
is observed for the electric ﬁeld at the nanogap 
of  long-segment Au nanostructures. ML Pedano, 
S Li, GC Schatz, CA Mirkin, Angewandte Chemie 
International Edition, 49 (1),78. An optimized 
geometry of  these platforms leads to an intense 
surface-enhanced Raman scattering (SERS) 
signal at the nanogap. Information about molecular 
transport and vibrational spectra may therefore be 
simultaneously obtained.
6.2  Microstructure changes in nanoparticulate 
gold ﬁlms under different thermal 
atmospheres and the effects on bondability
Sintering in a furnace under different thermal 





through formic acid (FA/N
2
) was carried out 
for a spin-coated gold nanoparticle (NP) ink. 
Temperatures of  200, 250 and 290°C were applied 
for each atmosphere. S Jang, J Joung and Y Oh, 
Acta Materialia,  57, (18), 2009, 5613. The size of  
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the NPs was measured by transmission electron 
microscopy and the decomposition temperatures 
of  the solvent and the organic capping molecules 
of  the ink were determined by thermo-gravimetric 
analysis. The changes in the microstructure of  
Au NP ﬁlms after sintering were studied using the 
ﬁeld emission scanning electron microscopy, X-ray 
diffractometry, atomic force microscopy and focused 
ion beam analysis. Organic residues remaining on 
the ﬁlm were detected by Fourier transform infrared 
spectroscopy and sheet resistance was measured 
using a four point probe for the calculation of  
resistivity. Wire bonding tests on the Au ﬁlm were 
performed for bondability. The Au NP ﬁlms sintered 
under air showed neck growth as temperature 
increased, while the ﬁlms sintered under N
2
 showed 
grain growth, except for the ﬁlm sintered at 290°C. 
Coalescence and grain growth as well as porosity 
were observed in the ﬁlm sintered under FA/N
2
. The 
infrared absorption peaks of  stretch and deformation 
were found as organic residues, with C-O stretch 
peak only being detected in the ﬁlm sintered under 
FA/N
2
. All of  the samples represented a preferred Au 
(1 1 1) orientation. The ﬁlm sintered under N
2
 showed 
good quality compared with those sintered under air 
or FA/N
2
 and the resistivity was about twice the bulk 
value. Wire bonding tests were successful in all the 





6.3  Fabrication of color changeable polystyrene 
spheres decorated by gold nanoparticles 
and their label-free biosensing, 
A novel and simple method for gold nanoshell 
synthesis with controllable core and shell sizes 
is reported here. Y Xia,  W Lu and L Jiang, 
Nanotechnology 21 (2010) 085501. A new ‘tree-
shape’ surfactant bis(amidoethyl-carbamoylethyl) 
octadecylamine (C18N3) was synthesized and 
used as the glue for the fast combination of  gold 
nanoparticles and the subsequent gold shell 
outside. The functionalized polystyrene (PS) cores 
were covered by a surfactant (PS@C18N3) bilayer. 
The presence of  the surfactant double layer played 
the role of  ‘glue’ in this method, so that upon 
controlling the amount of  surfactant, it was possible 
to achieve: the manipulation of  gold seed density 
on the PS@C18N3 spheres, the preparation of  PS@
Au hybrid structures, and a red-shift in the extinction 
absorption from 520 to 750 nm. Besides, the 
as-prepared PS@Au composites supported on a 
glass substrate exhibited excellent effectiveness in 
the molecular recognition of  human-immunoglobulin 
G (h-IgG) and goat anti-human-immunoglobulin 
G (goat anti-h-IgG), showing a rapid response 
within 20 min with a low detection limit of  10 ng 
ml−1. This demonstrates that PS@Au prepared and 
assembled using our method is potentially useful as 
a nanosensor platform for immunoassay.
6.4  Gold nanorods: From synthesis and 
properties to biological and biomedical 
applications
Noble metal nanoparticles are capable of  conﬁning 
resonant photons in such a manner as to induce 
coherent surface plasmon oscillation of  their 
conduction band electrons, a phenomenon leading 
to two important properties. Xiaohua Huang, 
Svetlana Neretina, Mostafa A. El-Sayed Advanced 
Materials,  21 (48), 4880. Firstly, the conﬁnement 
of  the photon to the nanoparticle’s dimensions 
leads to a large increase in its electromagnetic 
ﬁeld and consequently great enhancement of  all 
the nanoparticle’s radiative properties, such as 
absorption and scattering. Moreover, by conﬁning 
the photon’s wavelength to the nanoparticle’s small 
dimensions, there exists enhanced imaging resolving 
powers, which extend well below the diffraction limit, 
a property of  considerable importance in potential 
device applications. 
Secondly, the strongly absorbed light by the 
nanoparticles is followed by a rapid dephasing of  the 
coherent electron motion in tandem with an equally 
rapid energy transfer to the lattice, a process integral to 
the technologically relevant photothermal properties 
of  plasmonic nanoparticles. Of  all the possible 
nanoparticle shapes, gold nanorods are especially 
intriguing as they offer strong plasmonic ﬁelds while 
exhibiting excellent tunability and biocompatibility. We 
begin this review of  gold nanorods by summarizing 
their radiative and nonradiative properties. Their 
various synthetic methods are then outlined with an 
emphasis on the seed-mediated chemical growth. In 
particular, we describe nanorod spontaneous self-
assembly, chemically driven assembly, and polymer-
based alignment. The ﬁnal section details current 
studies aimed at applications in the biological and 
biomedical ﬁelds.
6.5 Gold(I)-alkanethiolate nanotubes
A solution approach to assembling Au(I)-
alkanethiolates into nanotube structures at room 
temperature is presented, in which Au(I) cations 
and alkanethiolate ligands are coordinated into thin 
platelet forms that then evolve into an open tubular 
conﬁguration (see ﬁgure). YX Zhang, HC Zeng, 
Advanced Materials, 21 (48), 4962. The organic-
inorganic hybrid nature of  the nanotubes, their ability 
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to be modiﬁed, and their high stability make them of  
interest for practical applications.
6.6  Diffusion-facilitated fabrication of gold-




 sandwich nanowire structure has 




 nanotubes with inlaid 
gold nanocrystallites on the outer surface. Y Yang, 
RB Yang, H Jin Fan, R Scholz, Z Huang, A Berger, 
Y Qin, M Knez, U Gösele, Angewandte Chemie 
International Edition, 49 (8), 1442. The thin gold 
interlayer not only acts as a precursor for the gold 
nanocrystallites, but also facilitates the Kirkendall 
voids at the ZnO-SiO
2
 interface and then accelerates 





6.7  End-to-end assembly of gold nanorods 
by means of oligonucleotide–mercury(II) 
molecular recognition
Y Wang, Y Fang Li, J Wang, Y Sang and C Zhi Huang, 
Chem. Commun., 2010, 46, 1332 report a novel, 
simple, highly selective and versatile approach for 
the end-to-end assembly of  gold nanorods (GNRs) 
by means of  the speciﬁc molecular recognition 
between thymine-rich (T-rich) oligonucleotides and 
mercury(II).
6.8  Accuracy of the discrete dipole 
approximation for simulation of optical 
properties of gold nanoparticles
J. Nanophoton., 4, 041585 doi:10.1117/1.3335329. 
MA Yurkin, D De Kanter AG Hoekstra studied the 
accuracy of  the discrete dipole approximation (DDA) 
for simulations of  absorption and scattering spectra 
by gold nanoparticles (spheres, cubes, and rods 
ranging in size from 10 to 100 nm). We varied the 
dipole resolution and applied two DDA formulations, 
employing the standard lattice dispersion relation 
(LDR) and the relatively new ﬁltered coupled dipoles 
(FCD) approach. The DDA with moderate dipole 
resolutions is sufﬁciently accurate for scattering 
efﬁciencies or positions of  spectral peaks, but very 
inaccurate for e.g. values of  absorption efﬁciencies 
in the near-IR. To keep relative errors of  the latter 
within 10% about 107 dipoles per sphere are 
required. Surprisingly, errors for cubes are about 10 
times smaller than that for spheres or rods, which 
we explain in terms of  shape errors. The FCD is 
generally more accurate and leads to up to 2 times 
faster computations than the LDR. Therefore, we 
recommend FCD as the DDA formulation of  choice 
for gold and other metallic nanoparticles.
6.9  Gram-scale synthesis of well-deﬁned gold 
nanorods
Inventor(S): ER Zubarev BP Khanal Applicant(S): 
Univ Rice William M [US], PN, EP2150369 (A1) 
Publication date: 2010-02-10. A method of  making 
gold nanorods wherein the total mass of  gold 
nanorods is more than one gram includes (1) adding 
a seed solution containing gold nanostructures and/
or residual NaBH4 reducing agent to an aqueous 
growth solution to form a nanorod solution; and 
(2) adding ascorbic acid solution slowly in small 
incremental portions to the nanorod solution. Gold 
nanorods made by this process according have an 
aspect ratio typically from about 1.1 to about 100, 
an average diameter in a range from about 5-50 nm, 
and an average length in a range from about 50 to 
about 200 nm.




 nanocomposite ﬁlms were prepared by 
radio frequency sputtering technique and annealing. 
B Zhuo, Y Li, S Teng, A Yang, Applied Surface Science, 
256, (10), 2010, 3305. The above nanocomposite 
ﬁlms were characterized by scanning electron 
microscopy (SEM), X-ray diffraction (XRD), and 
atomic force microscopy (AFM). The surface of  the 
nanocomposite ﬁlms was uniform with the particle 
diameter of  100–300 nm. The size of  Au crystallites 
increased on increasing annealing time. The 
luminescent behavior of  the nanocomposite ﬁlms 
was characterized by photoluminescence (PL) with 
different excitation wavelengths. Two emission peaks 
at around 525 nm and 560 nm were observed with 
the excitation wavelength at 325 nm. An intensive 
emission peak at around 325 nm was observed with 
the excitation wavelength at 250 nm, which is related 
to the defective structure of  the amorphous SiO
2
 
layer because of  oxygen deﬁciency, and could be 
applied to many ﬁelds, such as ultraviolet laser and 
ultraviolet detector.
6.11  Gold nanoparticles: Past, present,  
and future
This perspective reviews recent developments in the 
synthesis, electrochemistry, and optical properties 
of  gold nanoparticles, with emphasis on papers 
initiating the developments and with an eye to their 
consequences. R Sardar, AM Funston, P Mulvaney 
R Murray, Langmuir, 2009, 25 (24), 13840. Key 
aspects of  Au nanoparticle synthesis have included 
the two-phase synthesis of  thiolated nanoparticles, 
the sequestration and reduction of  Au salts within 
dendrimers, the controlled growth of  larger particles 
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of  well-deﬁned shapes via the seeded approach, and 
the assembling of  a variety of  nanoparticle networks 
and nanostructures. The electrochemistry of  thiolated 
Au nanoparticles is systemized as regions of  bulk-
continuum voltammetry, voltammetry reﬂective of  
quantized double-layer charging, and molecule-
like voltammetry reﬂective of  molecular energy 
gaps. These features are principally determined 
by the nanoparticle core. Interesting multielectron 
Au nanoparticle voltammetry is observed when 
the thiolate ligand shell has been decorated 
with redox groupings. Another development is 
that Au nanoparticles were discovered to exhibit 
unanticipated properties as heterogeneous 
catalysts, starting with the low-temperature oxidation 
of  CO. Substantial progress has also been made in 
understanding the surface plasmon spectroscopy 
of  Au nanoparticles and nanorods. The need to 
investigate the optical properties of  metal particles of  
a single, well-deﬁned shape and size has motivated 
the development of  a number of  new techniques, 
leading to the study of  electron transfer and redox 
catalysis on single nanoparticles.
